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(54) Polymeric electrode and electrolyte 

(57) An article of manufacture is disclosed compris- 
ing an electrochemical cell having a positive electrode, 
an absorber-separator and a negative electrode 
wherein at least one of the electrodes or absorber-sep- 
arator comprises a porous polyvinylidene fluoride. The 
porous poiyvinyiidene fluoride electrodes have an elec- 
trode material combined therewith, and the porous pol- 
yvinylidene fluoride absoriser-separator has an 
electrolyte material combined therewith. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The field of the invention is electrochemical cells having electrodes and an absorber-separator wherein at least one 
of the electrodes or the absorber-separator is constructed of a porous synthetic polymer, the electrode materials having 
electrode material combined therewith and the absorber-separator having an electrolyte combined therewith. 

10 

Description of Related Art 

Guyomard and Tarascon, in an article "Rocking-Chair or Lithium-Ion Rechargeable Lithium Batteries." Adv. Mater. 
1994. 6. No. 5, pp. 408-12, describe a new lithium polymer electrolyte rechargeable cell and review the recent advances 
IS in the field of Li-ion rechargeable batteries. 

Early lithium batteries used an intercalation material as a positive electrode which had the ability to reversibly incor- 
porate lithium ions in its structure. The intercalation material sometimes is referred to as a lithium sponge." The inter- 
calation material was employed as an anode whereas the cathode consisted of lithium metal, the two electrodes being 
separated by a conductive electrolyte. The intercalation material consisted of layered chalcogenides such as titanium 
20 disulfide but. more recently, oxides have been studied which allow higher operating voltages and higher specific ener- 
gies. 

Although primary lithium cells have been commercialized, secondary lithium cells have encountered problems aris- 
ing from the use of lithium metal and a liquid organic electrolyte primarily because of dendritic regrowth of lithium on the 
anode upon cycling which short circuits the cell. Elimination of the problem associated with lithium metal dendritic 

25 growth is now possible by employing a material able to intercalate lithium ions reversibly at very low voltages, leading 
to the so-called lithium-ion," "rocking-chair," or "swing" lithium rechargeable batteries. These lithium cells operate on 
the principle that they contain not lithium metal, but lithium ions which are rocked back and forth between two interca- 
lation materials (the two lithium sponges) during the charging and discharging parts of tiie cycle. One electrode material 
intercalates lithium ions, the positive during discharge and tiie negative during charge, while tiie ottier one deinterca- 

30 lates lithium at tiie same time. Accordingly, the littiium ion tiiat cycles in the cell must be initially present in ttie structure 
of one of tiie electrode materials. 

The rocking-chair approach has been possible only since about 1990 because of the previous lack of suitable 
reversible negative electrode materials. It was only after tiie discovery of some forms of carbon as litiiium reversible 
intercalation materials that lead to the employment of cariDon LiCo02 Sony Energytec Inc. and carix>n UNi02 by Moli 

35 Energy Ltd. Bellcore also developed a rechargeable battery based on carbon LixMn204 at about tiie same time. See. 
Tarascon and Guyomard, J. Electrochem. Soc. 1991 . 138, 2864. 

The rocking chair battery can be represented in terms of the following chain: Mi/composite positive electrode 
(CP)/eIectrolyte (EI)/composite negative electrode (CNE)/M2. where CPE and CNE are a mixture of the active material, 
carbon black and an organic binder, El is an electrolyte consisting of a mixture of several organic solvents and one or 

40 several lithium salts, and and M2 are the external cun^ent collectors for tiie positive and the negative electrodes 
respectively Complete chemical and electrochemical compatibility between all tiie elements in the chain is required. 

Each half-cell, i.e., CPE El and M2/CNE El, first has to be optimized against a pure litiiium metal electrode, 
which acts as a reference (constant voltage) electrode. In tiie final rocking-chair cell, tiie mass of the positive and neg- 
ative eledrode materials has to be balanced to give the same capacity for littiium deintercalation from the CPE and Irth- 

45 ium intercalation in the CNE processes ttiat occur at the same time when the rocking-chair cell is being charged. 

One of the difficulties ttiat occurred in rocWng-chair cells was electi-olyte oxidation during ttie charge cycle which 
became a more serious problem witti increasing operating temperatures. Electrolyte oxidation leads to ineversible 
losses in capacity because of the generation of chemical species ttiat deposit as an insulating layer on tiie electrode 
surface or evolve as a gas, ttius inaeasing tiie internal pressure in ttie cell. Electrolyte oxidation is the main bilure 

50 mechanism for this cell technology. 

Bellcore recentty developed a series of new ettiylene cartjonate (EC), dimettiyl-carbonate (DMC). LiPFe-based 
electrolyte compositions ttiat are stable against oxidation and high operating temperatures and have been effectively 
used in a cell containing a cartxin LixMn204 electrode, where x is 1 or 2. Ottier electrolytes ttiat have been developed 
in this regard include UAsFe, UCIO4. LiN(CF3S02)2, UPF4. LiCF3S03 and USbFe. It was found that ttiese electrolytes 

55 and especially LiPFe are compatible with carbon LiNi02 and cartx)n LiCo02 electrode materials as well in rocking-chair 
cell applications. 

Prior to tiie Introduction of cartwn LixMn204, it was found ttiat ttie time needed to discharge ttie rocking-chair cell 
is shorter ttian tiie charge time by a factor of about 25% which is due to ttie cait)on electrode where elections are irre- 
versibly consumed during ttie first littiium intercalation by side reactions at ttie surfeice of the carbon grains. About 25% 
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of the total lithium is trapped In a superficial layer and cannot be cycled in the cell anymore, it was found that LiMn204 
material Intercalates reversibly one extra lithium per formula unit, leading to the composition lj2Mn204. Thus it can be 
seen in the foregoing formula that x has a value of 1 or 2. and the excess lithium in the permanganate is used to com- 
pensate exactly the capacity lost on carbon during the first charge of the cell. This principle of the use of an extra lithium 

5 reservoir results in an increase of the specific capacity and energy of the system by about 10% which is not possible 
with the LiCo02 and LiNi02 carbon materials for which no air-stable higher lithium compositions are possible. 

Another factor which further advanced development of rocking-chair cells was the use of a petroleum coke (a dis- 
ordered graphite) as the carbon material in the negative electrode, which intercalates one lithium for twelve carbon 
atoms. This corresponds to about half the theoretical capacity of graphite in which the maximum lithium composition is 

10 UCq. Recently, it was discovered that graphite can now be used with a true capacity corresponding to about 0.9 Li per 
6 carbon atoms at cycling rates of one hour. Tarascon and Guyomard, Electro. Chem. Acta 1993, 38. 1221 . The 
capacity Is then almost doubled and the average voltage is reduced by about 0.3 volts compared to coke. Replacing 
coke by graphite in rocking-chair cells will result in an increase of specific energy by about 30%. 

The use of lithium-ion celts in which both electrodes comprise intercalation materials such as lithiated manganese 

75 oxide and cart)on are further described by Tarascon in United States Patent No. 5,196.279. Guyomard and Tarascon, 
J. Eledrochem Soc. Vol. 140, No. 1 1 , November 1993, pp. 3071-81 further describes these rocking chair rechargeable 
batteries. 

The separator or absorber-separator In the cell which is positioned in between and abutting the two electrodes 
presents some important considerations in construction of the cell. For example, the conductivity of the material In com- 

20 bination with the electrolyte should be sufficiently high so as not to impede the efficiency of the cell. Tsuchida et al.. 
Electrochemica Acta. Vol. 28, 1 983, No. 5. pp. 591 -95 and No. 6, pp. 833-37 indicated that polyvinylidene fluoride com- 
positions were capable of exhibiting Ionic conductivity above about 10'^S/cm only at elevated temperatures, reportedly 
due to the inability of the composition to remain homogeneous, i.e.. free of salts and polymer aystallites. at or below 
room temperature. Enhanced ionic conductivity was obtained by Tsuchida and his coworkers, however, by incorpora- 

25 tion of lithium salts and solvents that were compatible with both the polymer and salt components. 

Accordingly, as can be seen from the foregoing references, the selection of the polymer employed in the rocking- 
chair cell has to be made to enhance ionic conductivity, and compatibility with the lithium salts and solvents employed 
as the electrolyte. 

Lithium ion access to the surface of the active material is an Important consideration in designing these types of 

30 cells. If the polymer coats the surface of the active materials, while still allowing lithium ion passage through it, then 
interaction of the electrode active materials with the electrolyte solution is minimized which is an additional benefit. 

Gozdz et al.. U.S. Patent No. 5.296.318, describe a rocking-chair cell utilizing a polyvinylidene fluoride copolymer 
in the fabrication of the electrodes and the absorber-separator which contains the electrolyte. A rechargeable battery 
based on lithium intercalation compound electrodes and an interposed electrolyte flexible polymer containing a lithium 

35 salt dissolved in a polymer-compatible solvent is disclosed. The polymer comprises a copolymer of vinylidene fluoride 
and 8 to 25% of hexaf iuoropropylene. 

In a specific example, the absorber-separator is based on an ethylene carbonate:propylene cartx>nate solution of 
LIPFg in an 88:12 vinylidene fluoride hexaf Iuoropropylene polymer whereas the positive electrode is based on this pol- 
ymer in combination with SS carbon black UMn204 and LiPFg. further in combination with an aluminum metal lead 

40 attached to it. The negative electrode was based on the same polyvinylidene fluoride copolymer In combination with 
powdered petroleum coke. SS carbon black and the same LiPFe electrolyte in ethylene carbonatepropylene carbonate 
solvent. The negative electrode in turn was connected to a copper metal lead. 

Menassen et al. "A Polymer Chemist's View On Fuel Cell Electrodes." Proceedino Of The 34th International Power 
Source Symposium. June 25-28. 1990, pp. 408-10, studied polyvinylidene fluoride binders in fuel cell electrodes and 

45 made a comparison to polytetraf luoroethylene (PTFE) sintered electrodes. It was noted that with polyvinylidene fluoride 
electrodes using the phase-in version method that contrary to the classical electrodes, where the active material 
resides in little islands between the sintered PTFE particles where the surface area of the carbon is of prime impor- 
tance, much larger pores were obtained witii polyvinylidene fluoride whose walls were made up of a composite polymer 
with carbon particles in a continuous polymeric matrix 

so Accordingly, it would be an advantage to provide an electi-ochemical cell having electrodes and an absorber-sepa- 
rator that would make the utilization of the active material more efficient. 

Additionally, it would be an advantage to provide segregation of an active composite polymer on the surface of 
active pores In a porous and especially a porous electrode and/or absorber-separator which could allow for varying the 
amount of tiie polymer in ttie electrode or absorber-separator in order to obtain increased strength with minimum effect 

55 on cell performance. 

These advantages would especially be valuable in very thin flexible secondary or rechargeable batteries that are 
cunrentiy being produced for consumer electronic products. 

It would also be advantageous to provide a rechargeable cell, and especially a lithium rocking-chair type of battery 
that would readily lend itself to ease of fabrication from polymeric materials that could be either formed from solution, 
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or by extrusion and which could be readily enveloped or packaged in an enclosure by fusion or heat lamination tech- 
niques. 

Accordingly, the present invention is directed to an article of manufacture comprising an electrochemical cell that 
substantially. obviates one or more of these and other problems due to limitations and disadvantages of the related art. 

5 

Summarv of Invention 

These and other advantages are obtained according to the present invention. 

Additional features and advantages of the invention will be set forth in the description which follows, and in part will 
10 be apparent from the description, or may be learned by practice of the invention. The objectives and other advantages 
of the invention will be realized and obtained by the article of manufacture particularly pointed out in the written descrip- 
tion and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the Invention, as embodied and 
broadly described, the invention comprises an electrochemical cell having a positive electrode, an absorber-separator 
IS sometimes refenred to as a solid electrolyte, and a negative electrode wherein at least one of the electrodes or the 
absorber-separator comprises a porous polyvinylidene fluoride, the porous polyvinylidene fluoride electrodes having an 
electrode material combined therewith and said porous polyvinylidene fluoride absorber-separator having an electrolyte 
material combined therewith. 

The porous polyvinylidene fluoride of the invention comprises an open cell porous structure or a closed cell porous 
20 structure, or mixtures thereof, but preferably an open cell structure. Microporous polyvinylidene fluoride materials are 
especially suitable. 

The cell diameter, or the openings, or interstices in the porous polyvinylidene fluoride matrix may be anywhere from 
about 0.01 to about 100, particularly from about 0.1 to about 10. and especially from about 0.1 to about 1.5 miaons in 
diameter. The openings of the microporous polyvinylidene fluoride matrix, falling within the above range is anywhere 
25 from about 0.05 to about 25, and especially from about 0.1 to about 0.5 microns. 

The electrode or electrolyte materials that are combined with the porous polyvinylidene fluoride are defined herein, 
and it is intended that this combining includes placement of these materials on the exterior and/or interior surfeces of 
the porous polyvinylidene fluoride as well as forming a substantially homogeneous or heterogeneous mixture of these 
materials in the porous polyvinylidene fluoride. 
30 The porous polyvinylidene fluoride may be a solvent cast polyvinylidene fluoride, an open cell polyvinylidene fluo- 
ride foam or a sintered polyvinylidene fluoride powder. 

The polyvinylidene fluoride polymer may comprise either a homopolymer or copolymer, wherein the copolymers 
are either heterogeneous or homogeneous copolymers of vinylidene fluoride and hexafluoropropylene, or tetrafluor- 
oethylene. or botii. but especially hexafluoropropylene, where the comonomer is present from about 7 to about 25% by 
35 weight. 

The electrochemical cell of the invention preferably comprises a rechargeable lithium intercalation battery referred 
to sometimes as a roddng-chair battery as described specifically herein. 

The use of homogeneous copolymers for the manufacture of tiie electrodes and electi'olyte matrices is especially 
prefen'ed. 

40 The electrochemical cell can be enveloped In polyvinylidene fluoride especially a homopolymer of polyvinylidene 
fluoride. One method of encapsulating the electrochemical cell is to heat seal it to tiie encapsulating material which in 
one embodiment may be in tiie form of a film or plurality of films. 

One advantage in using tiie homopolymer is ttiat it is not soluble In the same variety of solvents as the copolymer 
but nonetheless can be tiiermally bonded to It. Accordingly, the homopolymer can be used as a barrier to prevent sol- 

45 vent-copolymer mixtures from being exposed to sources of contamination by ttie simple expedient of heat bonding tiie 
homopolymer to the copolymer that contains solvents employed in the electrochemical cells described herein. 

In anotiier embodiment, tiie polyvinylidene fluoride Is produced eltiier by an emulsion or a suspension polymeriza- 
tion process, especially an emulsion polymerization process and comprises an exceptionally high purity polymer i.e. a 
polymer with trace amounts of impurities i.e.. Impurities in the ppb (parts per billion) range. 

so In an especially important aspect, the adhesion of tiie PVDF electrode films to the metallic conductors may be 
enhanced by incorporating a small amount of anotiier compatible polymeric material. Polymettiyl mefliacrylate and 
oUier acrylic polymers are well known to exhibit compatibility with PVDF and function as an adhesive in coatings. Poly- 
mers and copolymers based on acrylic add, methacrylic acid and the low molecular weight alkyi esters tiiereof, where 
the alkyI moiety has from 1 to about 4 carbon atoms may be used In this regard and will be refen'ed to herein as acrylic 

55 polymers, all of which are well known in ttie art. Anywhere from about 0.1% to about 50% by weight and especially 
about 0.2% to about 40% by weight and preferably about 1% to about 10% by weight of the acrylic polymer may be 
added to tiie polyvinylidene fluoride to form a blend therewith, espedally a sut)stantially homogeneous blend. 

The polyvinylidene fluoride electrodes or absorber-separator or encapsulating material may also be cross-linked 
espedally where the cross-linking is effected by Irradiating tiie polyvinylidene fluoride witii a high energy electron beam. 
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The polyvinylidene fluoride may be either in the alpha, beta or gamma configuration; however, the beta configura- 
tion is preferred to enhance ionic conductivity. 

Lastly, the polyvinylidene fluoride used to encapsulate the electrochemical cell may contain a high energy radiation 
attenuator such as boron trinitride or gadolinium salts. 
5 It is to be understood that both the foregoing general description and the following detailed description are exem- 
plary and explanatory, and further, the following description is intended to provide a more detailed explanation of the 
invention as claimed. 

Brief Description of the Drawino 

10 

The accompanying drawing, which is incorporated in and constitutes a part of this specification, illustrates embod- 
iments of the invention, and together with the description, serves to explain the objects, advantages and principles of 
the invention. In the drawing, Fig. 1 is a cross-section of an electrochemical cell in accord with the present invention. 

IS Detailed Description 

The electrochemical cells of the present invention are based on a positive electrode, an absorber-separator some- 
times referred as a solid electrolyte and a negative electrode operatively associated with one another when at least one 
of the electrodes or the absorber-separator, and preferably both electrodes and the absorber-separator comprise a 

20 porous polyvinylidene fluoride wherein the porous polyvinylidene fluoride electrodes have an electrode material com- 
bined therewith and the porous polyvinylidene fluoride absorber-separator has an electrolyte material combined there- 
with. A plurality of electrodes and absorber-separator elements can be used in the cell structure in order to increase the 
voltage, and/or amperage of the combined elements in a manner well known in the art. 

Polyvinylidene fluoride having an open structure for porosity provides enhanced electrolyte mobility in combination 

25 with the intrinsic ionic conductivity effects of the polymer. Porous polyvinylidene fluoride electrode or separator- 
absorber combined with electrode or electrolyte materials at the surface of the pores of the porous polymer make the 
utilization of the active material, whether electrode material or electrolyte material more efficient and provide a method 
for the easy manufacture of more efficient electrodes and separator-absorber structures. 

It is also believed that the segregation of the active materials on the surface of active pores will allow for varying the 

30 amount of binder in the electrode or the separator-absorber to enhance strength with minimum effect on cell perform- 
ance. The electrochemical cells formed in this way therefore will have improved mechanical properties and can be 
made to be self-supporting i.e., secondary reinforcing structures do not have to be employed such as a metal or other 
conventional battery casing material. 

This also leads to ease of fabrication where the electrochemical cell is enveloped or enclosed in a polyvinylidene 

35 fluoride which will adhere to the porous electrodes and/or the absorber-separator structures. Adhesion can be obtained 
by simple heat bonding or rf welding or other similar processes well known in the art. Adhesives are not required, but 
importantly, the exterior part of the electrochemical cell (i.e.. the envelope) is of the same type or substantially the same 
type of material as the electrodes and absorber-separator thereby simplifying and reducing the cost of manufacture in 
that only one type of material is used for the structural components of the cell as compared to either conventional dry 

40 cell or secondary cell construction. 

Polyvinylidene fluoride absorbs rf frequency and may also be heated by dielectric techniques. Heat guns may also 
be used for sealing polyvinylidene fluoride surfoces under pressure. Welding rods may be also be employed to heat seal 
two pieces easily as is done in the fabrication of larger polyvinylidene fluoride structures. The joints obtained are usually 
as strong as the basic resins employed. Because polyvinylidene fluoride polymers are abrasion resistant and tough as 

45 well as chemical resistant, they are useful in the internal and external element of the battery and, as noted previously, 
can be assembled by non-adhesive means by heat bonding. 

By selecting polyvinylidene fluoride polymers that are either extremely flexible or somewhat rigid, structures can be 
fabricated that are in turn either flexible or somewhat rigid. Further in this regard, enhanced rigidity can be obtained by 
cross-linking the polyvinylidene fluoride either chemically, but preferably by employing high energy radiation such as 

50 high energy (about 1 0 to about 20 Mrad) electron beam radiation, with some attendant dehydrof luorination. The poten- 
tial benefit is the stabilization of amorphous regions in the porous polyvinylidene fluoride copolymers, i.e. inhibition of 
crystallization over time which is important since ionic conductivity of the electrolyte occurs primarily in the amorphous 
or open regions. 

As noted previously, polyvinylidene fluoride polymers affect ionic conductivity in a manner that makes them suitable 
55 for the fabrication of electrochemical cells. 

Since mobility of charged species is required in electrochemical cells, the migration in polyvinylidene fluoride poly- 
mers will be through the amorphous phase. Depending upon the temperature, the chain conformations and motions will 
be an important detriment to the transport kinetics, compounded further by any specific electrostatic effects due to the 
polar nature of the polyvinylidene fluoride chain. 



EP0730316A1 



In the triboelectric series, most polymers stabilize electrons. Polyvinylidene fluoride, however, is unique in prefer- 
entially stabilizing positive holes and is one of the most effective media in this regard, presumably due to the highly neg- 
ative grem-dif luorocarbon group. 

In the special case of lithium ion batteries such as the rocking-chair batteries as described herein, the high specific 

5 charge and small ionic size of the lithium ion may lead to specific interactions in the host polyvinylidene fluoride envi- 
ronment, considering the extent of the non-polarizable, negative d^m-difiuorocarbon groups available. 

Since conductivity is inversely related to crystallinrty of the polyvinylidene fluoride polymer, it has been determined 
that copolymers of vinylidene fluoride with about 7 to about 25% hexaf luoropropylene sufficiently reduces the crystalline 
structure of the polymer without sacrificing mechanical properties so that acceptable ionic conductivity effects of the 

10 polymer can be obtained. Further in this regard, it is believed that the different conformations of the polymer also affect 
the conductivity of the overall electrochemical properties of polyvinylidene fluoride due to specific ion-dipole interactions 
of litiiium cations and the gfem-dffluorocarbon dipole groups of the polymer. 

Polyvinylidene fluoride homopolymers and copolymers form tiie stable alpha conformation which comprises a 
chain structure in which the fluorine and hydrogen substituted carbons are alternating along the backbone. Mechanical 

IS orientation of solid polyvinylidene fluoride such as film or f ber my produce the beta conformation which crystallizes with 
all the fluorines on one face of the chain. The beta form is necessary to achieve ferroelectric activity by orienting all of 
the beta chains in the same direction to form a dipolar structure with net charge separation on the faces of the film. 
When cast from solvents, the gamma form develops which is a distorted version of the alpha form. Accordingly, as used 
herein, the alpha form will refer to confbmiations tiiat are entirely alpha, a mixture of alpha and gamma or entirely 

20 gamma conformations. 

When employing polyvinylidene fluoride polymers in the manubctures of electrodes or absort^er-separators. plas- 
ticizers such as organic carbonates (e.g., ethylene carbonate, propylene carbonate, dimetiiylcarbonate and the like) are 
utilized in order minimize the effect of the crystalline structure and promote ionic conductivity. Other solvents or plasti- 
cizers may also be employed including diethoxyethane, diethylcarbonate, dimetiioxyethane, dipropyl carbonate and 

25 mixtures thereof especially tiie two or three connponent mixtures. 

Similarly, and in accord witii the present invention, tiie various porous structures, depending on the their tensile 
strength, can be mechanically oriented by stretching or the application of tensile forces in order to enhance the amount 
of beta conformation w'rthin tiie polymer structure and thereby possibly promote ionic conductivity depending upon the 
electrolyte and polyvinylidene fluoride composition. 

30 Using solvent and non-solvent combinations, polyvinylidene fluoride resins are cast in thin porous membranes. 
This metiiod is described by Benzinger et al. in U.S. Patent No. 4,384,047 which is incorporated herein by reference. 
The electrode materials or the electrolyte materials as described herein can be incorporated into tiie polyvinylidene flu- 
oride solution prior to casting it into a film or sheet, after which the solution is converted to a porous polyvinylidene flu- 
oride membrane combined wKh the electrode or electrolyte materials. These films or sheets, either with or witiiout tiie 

35 electi^ode or electrolyte materials can be any where from about 0.25 to about 1 00. particularly from about 0.5 to about 
10, and especially from about 1 to about 8 mils thick, and are especially suitable for further treatfnent by stretching or 
the application of tensile forces in order to promote tiie beta conformation in the porous polyvinylidene fluoride. 

There are tiiree classes of organic liquids, that may be used to make solutions or dispersions of polyvinylidene flu- 
oride polymers. Active solvents are those organic liquids that dissolve or swell.polyvinylidene fluorkle at room temper- 

40 ature and typically consist of lower alkyi ketones, esters and amides. Latent solvents are those organic liquids tiiat do 
not dissolve polyvinylidene fluoride at room temperature; however, will dissolve polyvinylidene fluoride at elevated tem- 
peratures and typically are medium chain length alkyI ketones, esters, glycol etiiers and organic cartx)nates. Non-sol- 
vents are organic liquids that do not dissolve or swell polyvinylidene fluoride up to the boiling point of the liquid or tiie 
crystalline melting point of tiie polyvinylidene fluoride, whichever condition is met first. These liquids typically are aro- 

45 matic hydrocariDons. aliphatic hydrocarbons and chlorinated hydrocartx)ns or other chlorinated organic liquids. The sol- 
vents and latent solvents are used in the manufacture of the porous, and especially the microporous polyvinylidene 
fluoride films or sheets of the present invention. 



so 



55 
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Examples of these organic liquids are given in Table I which follows. 



TABI^I 



LIQUIDS TO PREPARE SOLUTIONS OR DISPERSIONS OF PVDF 


ACTIVE SOLVENTS 


LATENT SOLVENTS (APPROX. DIS- 
SOLUTION TEMPERATURE IN •C 


NON SOLVENTS 


Acetone 


Butyrolactone (65) 


Hexane 


Tetrahydrofuran 


Isophorone (75) 


Pentane 


Methyl Ethyl Ketone 


Methyl Isoamyl Ketone (102) 


Benzene 


Dimethyl Formamide 


Cyclohexanone (70) 


Toluene 


Dimethyl Acetamide 


Dimethyl Phthalate (110) 


Methanol 


Tetramethyl Urea 


Propylene Glycol Methyl Ether (115) 


Ethanol 


Dimethyl Sulfoxide 


Propylene Cart)onate (80) 


Cart>on Tetrachloride 


Trimethyl Phosphate 


Diacetone Alcohol (100) 


o-Dichlorobenzene 


N-Methyl Pyrroiidone 


Glycerol Tricetate (100) 


Trichloroethyiene 


The suitability of any given liquid depends upon the exact PVDF resin type and grade. 



25 

Other methods have been developed for the manufacture of open cell loam porous polyvinyiidene fluoride polymers 
which are formulated to contain chemical or physical blowing agents such as absorbed carbon dioxide. It is preferred to 
use physical blowing agents in the manufacture of electrochemical cells since trace amounts of the chemical blowing 
agents in the foam structure could adversely affect the functioning of the cell. Where carbon dioxide or comparable 

30 physical blowing agents are employed, they are incorporated into the polyvinyiidene fluoride at super critical pressures 
followed by heat treatment to expand the article thus produced. Open cell films of varying thickness have been made in 
this manner with excellent mechanical integrity and which have specific gravities about one as compared to solid poly* 
vinylidene fluoride which has a specific gravity of from about 1 .76 to about 1 .78. 

Simitariy, polyvinyiidene fluoride powders can be sintered to form a porous structure by heating the powders in a 

35 non-solvent slun^y, or under pressure between opposed platens, until the individual particles sufficiently melt flow into 
one another to form the desired open cell structure. Other art known methods for sintering powdered polymers such as 
PTFE for forming open ceil porous structures as described by Menassen et al. "A Polymer Chemist's View On Fuel Cell 
Electrodes," Proceedino Of TTie 34th International Power Source Symposium. June 25-28, 1990, pp. 408-10 can also 
be used. 

40 Polymers that may be used in the practice of the present invention and their physical properties are set forth in 
Tables II. 111. and IV that follow. 

In Table III. unimodal refers to a singe peak in the chromatograms. Bimodal refers to a chromatogram that shows 
inflections which are indicative of two distinct polymer distributions having different peak molecular weights. 

45 



so 
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TABLE II 





KYNAR® MOLECULAR STRUCTURE (1) 


5 


GRADE 


REVERSE 
ADDITION 
(2) MOL % 


%HFP 
MOL % 


(3)Wr.% 




KYNAR® 460 


11.6 


None 




10 




11.7 


None 






KYNAR® 460 Black 


11.3 


None 






KYNAR® 500 


11.6 


None 




IS 


KYNAR® 710 


10.2 
10.1 


None 
None 






KYNAR® 720 


9.9 


None 




20 




10.0 


None 




KYNAR® 740 


9.9 


1.0 
None 


2.3 




KYNAR® 2800 QL 




4,0 


8.9 


2S 






4.5 


9.9 




KYNAR® 2800 RL 




4.4 
5.1 


9.7 
11.2 


30 


KYNAR® 2850 




3.2 


7.2 


KYNAR® 2900 




5.0 
5.6 


11.0 
11.2 




HFP = hexafluoropropylene 



35 (1 ) Fluorine-1 9 Nuclear Magnetic Resonance (NMR) 

(2) Head-Head, Tail-Ta3 Structure » -CH^F2CF2CH2- or 
CF2CH2CH2CF2* 

(3) Standard Deviation » o.l - 0.5% 



40 



45 
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TABLE III 



KYNAR® MOLECULAR WEIGHT AND MOLECULAR WEIGHT DISTRIBUTION 

(1) 


GRADE 


TYPE 


MELTVIS. 
(KP) 


Mn 


Mw 


Mw/Mn 


KYNAR® 460 


Bimodal 


26.2 


115.000 


572,500 


4.8 


KYNAR® 460 Black 


Bimodal 


25.3 


72.200 


373.500 


5.2 


KYNAR® 500 


Bimodal 


31.3 


101.300 


523.000 


5.2 


KYNAR® 710 


Unimodal 


5.3 


70,900 


177,100 


2.5 


KYNAR® 720 


Unimodal 


9.7 


85.700 


244,600 


2.6 


KYNAR® 740 


Unimodal 


18.8 


107.100 


275.900 


2.6 


KYNAR® 2800 GL 


Bmodal 


25.5 


129,800 


497.200 


3.8 






Bimodal 


25.5 


126.800 


385.100 


3.0 






Bimodal 


22.9 


63.700 


232,500 


3.7 


KYNAR® 2800 RL 


Bimodal 


23.8 


107.500 


371,900 


2.3 


KYNAR® 2850 


Bimodal 


20.2 


108.000 


454,700 


4.2 


KYNAR® 2900 


Bimodal 


17.8 


118,600 


377,000 


3.2 


KYNAR® 


761 


Unimodal 




84,000 


377,000 


4.5 




761 






145,000 


426,000 


2.9 


KYNAR® ADS 9300 


Unimodal 


5.9 


35,500 


86,900 


2.5 


Mn = Number Average Mol. Wt. 
Mw = Weight Average Md. WL 



(1) By Gel Permeation Chromatography (GPC) 
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TABLE IV, ULTRA PURE KYNAR^VDR PVDF GRADES FOR BATTERY APPLICATIONS 



5 


, . PVDP HpHpypfcXfC^iS .,, 


PVDP COPOLYMERS 


10 


KYMARj^ 461 fine poirder; high xbm, broad mwd resin, 
mp 160*C« soluble in aeecooe, bulk soluble in 
acetone, bulk density 20 #/cu. ft 


KYNASlft FLEX 2601 fine powder; medium mv, broad mwd, 
ffip 145 "C. contains KFP cofflonomer, has about 64% 
fluorine by weight flexural modulus 90.000 psi. 
crystallinity about 40% 




KYNARB 460 pellets : derived by 461, has nueh 
broader mwd than 461, crystallinity about 45% 


KYNARA flex 2821 or 2S22 fine powders; low mw, broad 
nwd, mp 145*C, contains HPP cooiononer. similar 
properties to 2601; 2822 


IS 


vafXf0 741/761 fine powder: med. and high w 
gradlq^, narrow owd, np 170*, high 
crystallinity at equilibrium (55 - 60%) , partial 
solubility in acetone, 220,000 psi flexural 
moduhjus, even "fluffier" than 461 powder 


KXKASft FLEX 2851 fine powder: high mw. broad mwd, 
mp 155"C, 5 wt.% HFP, 170,000 psi flexural 
modulus more like honopolymers, improved stress 
crack resistance over honopolymers in aqueous 
caustic, very smooth surface extrusions and moldings 


20 


lcniAF0 740 Pellets: extruded form of 741, 
equivalent in all respects except physical fona 

il 


KYNARB flex 2800, 28S0t extruded forms of 2801 and 
2851, equivalent in all respects except physical form 


25 


KYNAt^ 301 very fine powder: similar to 461 
excefit slightly different mw and mwd 

; 1 — < — - 


XYNAlA 7201 fine powder: TFE-copolyner, mp 125 *C. low 
crystallinity. very flexible, solubility very 
different from HFP- copolymers, med. mw resin, 

low crystallinity 




R711/721 fine powders: very low and low 
viscbaity versions with essentially same 

char^teriatics as 741/761 except lower mw 

• 


KYNAH8 9301 fine powder: TFB, HFP-terpolymer. mp 100»C, very 
soluble codipared to other resins, very soft and flexible, 
low mw resin, low CEystallinity 


30 


KYKA 
powd 
prop 


m 710/720 pellets: Bxtruded from 711/721 
SETS With essentially no difference in 
srties except physical form 


ICYMM0 PLBX 2751 fine powder: Higher HFP content 
than 2801/2821. nsp X38*C, very flexible, low mw resin, 
very low crystallinity 


35 


KYNA 
Stab 
rela 


^ LATEX 32 : Essentially 3 OIF supplied as 
d)lized latex (non-fluorosurfactant at 
jively high levels) 


RC-10089: heterogeneous development KFP-copolymer available 

as powder or pellets with high 168 «C mp but 

flexibility of random HFP* copolymers above. 

properties similar to elastomer modified thermoplastics 



NOTE: I Other grades available from ElfAtochem include a medium viscosity ICYNA89 lOOOKD (pellets) or VLD (fine powder) 
4Q and loU viscosity 1CYKAS0 400HD or VLD. A different process is utilized in the isolation of these grades. 

HFP « ijexafluoropropylenej TPS « Tetraf luoroethylene 



45 As noted before, the polyvinylldene homopolymers and cx)polymers of the present invention are especially suitable 
for the manufacture of porous matrices because of their purity as indicated in Tables A, B and C that follow. 



50 
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TABL£A 
Bulk Trace Eltments of PVDF Resins 
Neutron Activation Analysis Results 



PVQF Homopotym$r Control MoOified PVCF ReS' is 





4$(yi 




740-3 












1.011 


0.B4 




U.300 








PfJU 








PCO 


Sooium 


8 316^01 


r.59E*01 


4.46Er01 


' 3.71E*01 


S.79E*01 


87aE*01 


Potassium 


2d0£^l 


<9.5E4.00 


<7.2E*00 


<6.1E^ 


335E^01 


<9.4E-D0 


Calcium 


<S.0E^03 


<3.3Ei-03 


<4.4£^03 


<3.9E^ 


<5.3E*03 


<6."E*03 


Scandium 


<^0E-02 


2.9BE-02 


<2.0E-02 


<2.3E-02 


<3.2E-02 


375S-02 


Titanium 


<6.0E^03 


<3.6E*03 


<5.6£i-03 


<3.4E^ 


<4.5E^03 


<8.iE«03 


Ctromium 


5 97E^1 


S.32E1-01 


1.54E401 


1.91E^1 


6.18£^00 


l.lQE^Ol 


Iron 


2.77£*02 


<1.6E+02 


<1.7E*02 


<2.0E^ 


<^7E+02 


<2.4E*02 


Cdbait 


3.82E4'0O 


S.46E«00 


7.05E*00 


9.l0Et00 


2.63E>00 


V03E*01 


NlCKet 


kS-OE-^OI 


<7.SE+01 




<9.8E401 ' 


<1.2E^02 


<i.2E-02 


Capper 


g.aiE'fOO 


l.02E^1 


4.51E+00 


7.79E^ 


6.52E400 


1.97E+02 




2.14E401 


^14E^ 


<1^E•^01 


3.9SE40Y 


<2.l£t01 


l.62Ei>02 


Gallium 


<1.9£-01 


kLSE-OI 


<1.2£*01 


U4E^1 


<1.7E-01 


<1.66-01 


Arsenic 


<t.2E-01 


<a.0E-02 


<9.7E-02 


r23E-01 


3.2SE-01 


<1.3£01 


Selenrum 


<2.SE4'00 




<ZJt*OQ 


<i7E*00 


<4.2E^ 


<3.5£i-G0 


Bromine 


4.49Ei4X) 




166E^ 


1.T2E^1 


1.02Ei^1 


2,49E*01 


Rubidium 


<7.1E+00 


<6;3E^OO 


<6.6E>00 


<7.6£i<X) 


<VGE'^01 


<9.8Er00 


Susonrium 


<1 6E^2 


<1.4Ei>02 


<1.8E>02 




<i7E*02 


<2 6E«.02 


Zirtonium 


<1.SE*02 


<1.3E*02 


<1.4£*02 


<1.6E^ 


■<^2£'^02 


<2.0E+02 


Molybdenum 


<1.1E+00 


1.66E*00 


<1.4E*00 


2.16E>00 


<1.1E*00 


l.83EtOO 


SHier 


<1 9E*00 


<i.rE+oo 


<1.9E^00 


<Z2£^ 


<3.0E+00 


<29£^00 


Cadmium 


<2.8E>00 


<l.6Ei'00 


<Z8E^00 


<1^^ 


<3.2£+00 


<4.iEi^00 


indium 


<4.lE<-00 


<3.6E>00 


<5.1E4<X) 


<4.6Ei<)0 


<6.5E^ 


<5.3Ei-00 


Tin 




<1.SE-h02 


<1.9£*02 


<^2E^ 


, <4.2E4.02 


<3.0E*02 


Ajntimony 


1.34E4'00 


1.30E-^00 


1^£^ 


4.03E^00 


2.47E+01 


2.43E^00 


Cesium 


<3.5£-01 


<3.2E^1 


<3^-01 


<4.3£«01 


<5.4£-01 


<5.2£-01 


Barium 


<3.7E401 


<Z8E+01 


<4.2£'»01 


<3^E*01 


<5.6E-»>01 


<5.6E*'01 


Liainthanum 


t.36E-01 


1.40E-01 


<3^-02 


8^-02 


S.48E-02 . 


1.99E-01 


Cerium 


<1.2E^O0 


<1.2£*^ 


<1.6E+00 


<1.4£-i-00 


<2Sjt*W 


<1.7c*'0U 


Europium 


<1.4£^1 


<1.4E^1 


<1.4E01 


<1.7E-01 


<2.2£-01 


<1 9E-01 


TWoium 


<1.6£-01 


<1.4£'01 


<1.6E-01 


<1.8E-01 


<Z4E-01 


<2.3E^1 


vijerbium 


<8.6£-Q2 


<S.8E^ 


<8.6E-02 


<7A&0Z 


<1.4E-01 


<l.3£-0t 


Hafnium 


<2.4E^1 


<1.9E-01 


<2.4£-01 


<2.4E-01 


<3.8E-01 


<3.6E-01 


lisntaium 


<2.6E^)1 


<Z4E-01 


<2.3E-01 


<3.0E-01 


<4.0E^1 


<3.6E-01 


fVjngsten 


<1.8E-01 


2.54£^t 


1.99E-01 


9.80E-01 




3.61E-01 


Indium 


<S.lE-03 


<3.SE-<X3 


<4.7E-03 


<4.7E-03 


<8.4E-03 


<6.5E-C3 


f^ttinum 


<1.1E^ 


<6.9E>01 


<1.2E402 


<a.iE>oi 


<1.5E^2 


<1.7E*02 




6.37E-03 


5.82E-03 


6.06E-03 


1.03E'02 


2,42E-02 


4.92E-02 


Mbrcmy 


<9.1E-01 


<7.1E-01 


<8.6£-01 


<a.6£-01 


<1.5E^00 


<1.2£4.00 


ijiorium 


<2.6E-01 


<1.7E-01 


<^4E<01 


<2^-01 


<4.2S-01 


<3.3£01 


Omnium 


<2.2E41 


<1^-01 


<Z1£^1 


<1^'01 


<Z1E-01 


<2.8E-01 



# 



EP 0 730 316 A1 



TABLE B 

Uachabie Elements of Modified*PVOF Grades 
fleauitabylCP-MS 







Grades 








Grades 






2850 


2800 


2750 


Gemsnr 


2850 


2500 


2750 




PPO 


PPO 


PPO 




opo 


ppo 


PPO 




<0.30 




^n "^n 


1 eiiunum 


<0 25 


<0.25 


<0.2S 


Boron 


<006 


<ft flfi 


^n nfi 


Cesium 


<0.06 


<0.ua 


<o.oa 




<0.C5 




^n n^ 


Barium 


<0.08 


<0.0a 


<0.08 






<u <\t 


<vJcV/ 


Cerium 


<0.04 


<3.04 


<0.C4 




<0.10 




*rn Ifi 


rTaseooymium 


<0.iO 


<U.lU 


<0.'0 


Tifaniiirn 


<0-lO 


in 


<u. iu 


Neodymium 




<0.09 


<0.09 




<0.1 1 


<0.T 1 


<0.11 


woinafiUMi 


<U.UD 


<U.UO 


<0.Co 


Chfomiufn 


<0.26 












<0.03 


Manganese 


<0.06 


<0.06 


<0.06 




^n n<! 

<U.U9 


^n n<s 


<u.ud 


Copper 


<0.0d 


<0.08 


<0.08 




^ in 


^n m 


^n m 


Cobalt 


<0.10 


<0 10 


<0.10 




<i/.Ul 


<u.ui 


<u.ai 


NicKe) 


<0.08 


<O.Ofl 


<0.08 


Hol/niufn 

1 IVMIIIVIIII 


^n in 


wi in 


^n 1ft 


Zinc 


<0.05 


<0,05 


<0.0S 






^n rm 




Qaltium 


<0.40 


<0.40 


<0.40 


Tfudiufn 

■ 1 twiim 1 1 


^or)a 


^n n^ 


^•ft PA 


Germanium 


<0.03 






I lid WnMII 




^ nj 




Arsenic 


<003 


<0 03 




liitAthjfll 


^0 ns 


^n n< 


^n 


Rubidium 


<0.01 


<0 01 


vw.v 1 




in 

5tV* lU 


^n in 

<w. "U 


^n 1ft 
<u. 'U 


Stroniium 


<0.10 


<0.10 


<0.10 


Tawtatnm 




na 


<U.uO 


Yttrium 


<0.03 


<o!o3 


<o!o3 


Tungsten 


<0.02 


<0.02 


<0.02 


Zirconium 


<aii 


<o.n 


<o.n 


Rhenium 


<0.10 


<aio 


<0.10 


NioDium 


<0.03 


<0.03 


<0.03 


If 1 Wl W 


<0.02 


<0.02 


<0.02 


Molybdenum 


<002 


<0.02 


<0.02 






^n 1'? 


*»ft 11 


Rutnemum 


<0.12 


<0.12 


<0.12 


Gold 


<0.03 


<0 03 


<0.03 


r^aJiaaiUrn 


<U.iO 


<0.10 


<0.10 


Mercury 


<0.01 


<0.01 


<0 01 


Silver 


<0.03 


<0.03 


<0.03 


Thallium 


<0.08 


<0.03 


<0.08 


Cadmium 


<0.08 


<0.08 


<0.0d 


Lead 


<0.07 


<0.07 


<0.07 


indium 


<ao7 


<0.07 


<0.07 


Bismuth 


<0.t5 


<0.1S 


<0.15 


Tin 


<0.25 


<0.2S 


<0.25 


Thortum 


<0.03 


<0.03 


<0.03 


Antimony 


0.16 


<0.08 


<0.06 


Uranium 


<0.03 


<0.03 


<0.03 






Results PyGFFA 










Calcium 


3.40 


1.60 


. 6.70 










iron 


0.60 


0.18 


0.20 











ltet« Wtnr tivaciion ai ao<C fbr 24heM0l t gnm n lOOirC 
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TABLE C 



Ttace Compound Analyses Anion Analysis by Ion 
Chromatography 





Modified PVDF Grades 




2850 ppb 


2800 ppb 


2750 ppb 


Fluoride 


21.70 


23.60 


31.20 


Chloride 


4.97 


4.64 


4.51 


Bromide 


0.13 


0.13 


0.13 


Nitiate 


5.79 


5.59 


6.53 


Phosphate 


<0.05 


<0.05 


<0.05 


Sulfate 


10.80 


7.13 


6.15 


Lithium 


<0.05 


0.07 


<0.05 


Sodium 


3.40 


2.12 


2.89 


Ammonium 


4.19 


5.91 


9.48 


Potassium 


1.69 


0.51 


0.23 


Other Analyses 








Soluble silica 


<3.00 


x^.OO 


<d3.00 



Note: Water extiaction at 80 ''C for 24 hours of 1 gram in 
100 mL 



The impurities as shown in Tables A. B, and C can vary within plus or minus about 10%. and especially plus or 
minus about 5% of the values shown. These impurity measurements are also applicable to all polyvinylidene polymers 
employed according to the invention. 

A porous film made by casting polyvinylidene from a mixture of solvents and non-solvents as described by Benz- 
inger et al. in U.S. Patent 4,383.047, which is about 10 mils thick after formation from the casting solution, is utilized for 
the manufacture of an electrochemical cell. The polymer comprises a copolymer of polyvinylidene fluoride and about 
12% hexafluoropropylene and had a molecular weight of about 380 x 10^ MW. Atochem Kynar® FLEX 2801 . This film 
is used in fabricating an absorber-separator or solid electrolyte by making a solution of LiPFe in a 1 :1 mixture by weight 
of ethylene carbonaterpropylene caft)onate which is heated to about 125*C and the porous copolymer film immersed in 
the solution until it is combined with the film. 

Similarly, a positive electrode is made from the same porous copolymer. A dispersion of IJMn204, SS carbon black 
and UPFe in a 1 :1 mixture of ethylene carbonate and propylene carbonate along with tetrahydrofuran (THF) was com- 
bined with the porous film by soaking the film in the suspension which is agitated in a vibrating beaker in order to keep 
the solid material in suspension until adequately combined with the film. The film is then placed on an aluminum foil. 

A negative electrode is prepared by making a dispersion or suspension of petroleum coke. 88 carbon black and 
LiPFe in a 1 :1 ethylene cartx)hate propylene carbonate solution in the same manner as was done for the preparation of 
the positive electrode and after combining the suspension with the porous film, a copper foil was placed on the film. 

The proportions of the various components of the electrode and the absorber-separator or solid electrolyte are sub- 
stantially the same as those set forth in Examples 1 and 8 Gozdz et al., US. Patent No. 5.296.318. 

The electrodes and electrolyte can also be made from sintered polyvinylidene fluoride by forming a dry blend of the 
electrode or electrolyte materials with powdered polyvinylidene fluoride. Dry mixing techniques, known in the art may 
be employed, such as tuntUer type mixing. For example, the mixture of polyvinylidene fluoride powder and the elec- 
trode or electrolyte materials can be subjected to tumbling or ball milling for a time to sufficiently ensure that a good mix- 
ture is obtained. A steel or other metal vessel, or ceramic vessel is employed , especially where either is lined with a 
polyvinylidene fluoride or PTFE layer. In the case of ball milling, steel or other metal, or ceramic grinding balls, also 
coated with a polyvinylidene fluoride or PTFE layer are used. The polyvinylidene fluoride or PTFE coating is employed 
to substantially minimize or substantially eliminate the introduction of impurities into the system. The milled mixtures are 
formed into electrodes and electrolytes by the application of heat and pressure as noted herein. 
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Solvents such as ethylene carbonate and propylene cartx)nate, and their equivalents, especially as noted herein, 
including mixtures thereof, which are employed in the electrode or electrolyte can be added afterwards by soaking the 
electrodes and electrolyte structures in such solvents. The soaking can be canied out at room temperature or above to 
maximize the sdvating effect of these materials and to produce optinfium ionic conductivity in the electrodes or electro- 
5 iyte. 

The positive electrode and the negative electrode thus prepared, are then placed on opposite sides of the 
absorber-separator prepared as described above with the copper and aluminum surfaces facing outwardly to form a cell 
as illustrated in Fig. 1 in which copper film 14 is shown as extending along one surface operatively associated with neg- 
ative electrode 1 6 which is turn is also operatively associated with absorber-separator 1 8 combined with the electrolyte. 

to Aluminum film 22 is in contact with positive electrode 20 and the other face of absorber-separator 1 8, all of the elements 
being operatively associated with one another. An envelope 12 of a polyvinylidene fluoride homopolymer extends com- 
pletely around the cell. Envelope 1 2 may be a single film or a plurality of films e.g. , two or three films and extends around 
all sides and completely envelops cell 10. Copper and aluminum leads (not shown) are passed through envelope 10 to 
make electrical contact with films 14 and 22, respectively and are connected to a load (not shown) to form an electric 

15 circuit. 

The other electrolytes described herein for the rocking-chair cells may also be employed in lieu of the LiPFg salt 
and UNi02 or LiCo02 materials substituted for the LiMn204 materials in the foregoing example. Additionally, graphite 
rather than petroleum coke may be employed in the manufacture of the negative electrode although, petroleum coke is 
especially prefen^ed. 

20 The porous polyvinylidene fluoride may also be employed in cells having a lithium organic electrolyte where the pol- 
ymer is used either as a binder for particular electrode active materials, as a solid electrolyte for polymers cells, a 
porous mesh supporting a quasi-solid state gel electrolyte and as the cell base material. 

The porous polymers as described herein can also be used in lithium/oxyhalide ceils as a bottom insulator. They 
nfiay also be used in zinc bromide cells as a binder for bipolar electrodes or in nickel-metal hydride cells as a binder for 

25 the hydride electrode or for the nickel electrode. 

The porous polyvinylidene fluoride is also suitable for use in a silver-zinc cell where the porous polyvinylidene f lu- 
orkie is used as a binder for the zinc electrode or In a lead-acid cell as a spacer between the electrodes and as a porous 
separator. The porous polyvinylidene fluoride may also be used in thermal batteries for the cathode active materials. In 
addition to nickel-metal hydride cells, the porous polyvinylidene fluoride may also be used in other alkaline cells such 

30 as nickel-cadmium cells, and zinc-air cells, especially where a buffered electrolyte is enfiplpyed to counteract the dehy- 
drohatogenation effect of the alkaline medium of these cells. 

It will be apparent to those skilled in the art that modifications and variations can be made in the electrochemical 
cell of the present invention without departing from the spirit or scope of the invention. It is intended that these modifi- 
cations and variations and their equivalents are to be included as part of this invention, provided they come within the 

35 scope of the appended claims. 

Claims 

1. An article of manubcture conftprising an electrochemical cell having a positive electrode, an absorber-separator 
40 and a negative electrode wherein at least one of ttie electrodes or absorber-separator comprises a porous polyvi- 
nylidene fluoride, said porous polyvinylidene fluoride electrode having an electrode material combined therewith, 
said porous polyvinylidene fluoride absorber-separator having an elecbrolyte material conr^ined therewitti. 

2. The article of manufacture of claim 1 where said porous polyvinylidene fluoride is a solvent cast polyvinylidene f lu- 
45 orkie, an open cell polyvinylidene f luorkie foam or a sintered polyvinylkJene fluoride powder. 

3. The article of manufacture of claim 1 where said porous polyvinylidene fluoride is a polyvinylidene fluoride 
homopolymer. 

50 4. The article of manufacture of claim 1 where sakl porous polyvinylidene fluoride is a heterogeneous or homogene- 
ous copolymer of vinylidene fluoride and hexafluoropropylene. 

5. The article of manufacture of daim 4 where said copolymer contains from about 7% to about 25% hexafluoropro- 
pylene, tetrafluoroetiiylene, or mixtures tiiereof. 

55 

6. The article of manufacture of daim 5 where said copolymer comprises a homogeneous copolymer of vinylidene flu- 
oride and hexafluoropropylene and said electrochemical cell conprises a rechargeable litiiium intercalation battery. 
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7. The battery of claim 6 wherein said positive electrode comprises carbon UxMn04 where x is 1 or 2. cartx)n LiNi02 
or carbon LJC0O2 combined with said porous polyvinylidene fluoride copolymer. 

8. The battery of claim 6 wherein said absorber-separator conprises an electrolyte comprising a solution of at least 
5 one lithium salt combined with said porous polyvinylidene fluoride copolymer. 

9. The battery of daim 8 wherein said lithium salt is LiPFe LiAsFe. UCIO4, UN(CF3S02)2. IJPF4, IJCF3SO3 or 
USbFe. 

10 10. The battery of claim 6 wherein said negative electrode comprises carbon Li combined with said porous polyvinyli- 
dene fluoride copolymer. 

11 . The battery of claim 6 wherein said positive electrode comprises carbon LixMn04 where x is 1 or 2, combined with 
said porous polyvinylidene fluoride copolymer, said absorber-separator comprises an electrolyte comprising LiPFe 

IS combined with said porous polyvinylidene fluoride copolymer and said negative electrode comprises carbon Li 
combined with said porous polyvinylidene fluoride copolymer. 

12. The battery as in one of claims 1 , 6 or 11 enveloped in polyvinylidene fluoride. 
20 13. The battery of claim 12 enveloped in a plurality of polyvinylidene fluoride films. 

14. The battery of claim 12 enveloped in a polyvinylidene fluoride homopolymer. 

15. The battery of claim 13 enveloped in a polyvinylidene fluoride homopolymer. 

25 

1 6. The battery of claim 1 2 where said polyvinylidene fluoride homopolymer is bonded to at least one of said electrodes 
or electrolyte. 

1 7. The article of manufacture as in one of claims 1 , 4 or 6 wherein said polyvinylidene fluoride is a high purity polymer. 

30 

18. The article of manufacture of daim 1 7 wherein said polyvinylidene fluoride is produced by emulsion or suspension 
polymerization. 

1 9. The article of manufacture of claim 1 7 wherein said polyvinylidene fluoride is produced by emulsion polymerization. 

35 

20. The artide of manufacture as in one of claims 1 , 4 or 6 wherein said polyvinylidene fluoride is cross-linked. 

21 . The artide of manufacture of claim 20 wherein said polyvinylidene fluoride is cross linked by irradiation. 

40 22. The article of manufacture as in one of claims 1 . 4 or 6 wherein said polyvinylidene fluoride is alpha polyvinylidene 
fluoride. 

23. The artide of manufacture of claims 1, 4 or 6 wherein said polyvinylidene fluoride is beta polyvinylidene fluoride. 

45 24. The article of manufacture of daim 23 where said polyvinylidene fluoride is alpha polyvinylidene fluoride and is 
stress oriented to produce beta polyvinylidene fluoride. 

25. The article of manufacture of claim 1 1 where said celt is enveloped in a polyvinylidene fluoride containing a high 
energy radiation attenuator. 

50 

26. The artide of manufacture of claim 25 where said high energy radiation attenuator comprises boron tri-nitride or 
gadolinium salts. 

27. The artide of manufacture as in one of claims 1 , 4 or 6 wherein said polyvinylidene fluoride is a Uend with an aaylic 
55 polymer. 

28. The artide of manufacture as in one of claims 1. 4 or 6 wherein said polyvinylidene fluoride is a blend with from 
about 1% to about 1 0% by weight of an acrylic polymer. 
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